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Background: The inner-city pediatric population in the United States has a disproportionate burden of asthma.
Recent attention has focused on the immunomodulatory role of vitamin D, which may be protective against
disease morbidity. As the primary determinant of vitamin D status in humans is exposure to sunlight, we aimed to
determine if 25-OH vitamin D levels in urban preschool children with asthma were low, influenced by time spent
outdoors, and associated with asthma morbidity.
Methods: Serum 25-OH vitamin D levels were measured at baseline in a cohort of 121 inner-city children ages
2–6 years with asthma in Baltimore, MD. Participants were followed longitudinally at 3 and 6 months to assess time
spent outdoors, asthma symptoms through questionnaires and daily diaries, and allergic markers.
Results: In a predominantly black population of preschool children, the median 25-OH vitamin D level was 28 ng/mL
(IQR 21.2-36.9), with 54% of the children below the traditionally sufficient level of 30 ng/mL and 7.4% in the range
associated with risk of rickets (< 15 ng/mL). The median time spent outdoors was 3 hours/day (IQR 2–4), and greater
time spent outdoors was not associated with higher vitamin D levels. 25-OH vitamin D did not show seasonal variation
in our cohort (p = 0.66). Lower 25-OH levels were correlated with higher IgE levels.
Conclusions: Urban African-American preschool children with asthma have high rates of vitamin D insufficiency, and
increased outdoor exposure is unlikely to correct these low 25-OH vitamin D levels. Repletion in this population may
require dietary supplementation.
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Asthma morbidity is strikingly high among inner-city
children in the United States, especially among African-
Americans [1,2]. While the reasons for this disparity
are not entirely clear, several risk factors, including an
urban environment enriched with air pollutants and
unique allergens, lower socio-economic status, and
poor diet, may predispose such children to more
severe disease [2].
Of these factors, serum 25 hydroxy (OH) vitamin D
levels are disproportionately low in such populations
[3-5] and may help to explain higher rates of asthma* Correspondence: sbose7@jhmi.edu
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reproduction in any medium, provided the ormorbidity. Natural vitamin D production is determined
by the UV component of sunlight which permits its cu-
taneous synthesis, and, given sufficient exposure to UV
rays, results in currently accepted serum 25-OH D levels
for humans. Cutaneous vitamin D synthesis, however,
can be limited by darker skin pigmentation (as increased
melanin competes for UV radiation), sunscreen use,
clothing, and seasonal, atmospheric, and latitudinal fac-
tors that limit the availability of UV light [6]. Further-
more, dietary sources of vitamin D are limited to a few
fortified foods [7], with African-American children
found to have comparatively low D-rich intake [8]. Thus,
while Americans generally spend the greater portion of
their time indoors [9], inner-city children, especially
African-Americans, may have additional risks for vita-
min D deficiency due to risk factors that include havingd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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ficiencies in production.
Furthermore, while vitamin D’s role in protecting
against growth retardation, skeletal deformities, rickets,
and other bony diseases of childhood has been well
established [10], emerging literature has supported its
role in various chronic diseases, including asthma and
allergy [11]. In children with asthma, those with lower
serum 25-OH D have a higher risk of hospitalization
[12,13], greater use of anti-inflammatory medications
[12,14], more airway hyper-responsiveness [12,13], and
in adults, decreased sensitivity to corticosteroids [15].
Furthermore, in vitro studies have demonstrated that
vitamin D may play an immune-modulatory role in hu-
man airway tissue through innate, adaptive immune
pathways [16]. Notably, a recent trial of vitamin D sup-
plementation in children with asthma did demonstrate
improved asthma control such as reduced rates of exac-
erbations in those who received supplementation [17],
suggesting that augmentation of 25-OH D levels could
hold promise for future asthma health interventions.
Of studies that have examined the impact of vitamin
D status on childhood asthma severity, there has not
been much attention to black, inner-city populations,
where rates of asthma-related hospitalizations are 2–3
times the national average (48 vs. 17 per 10,000) [18,19].
To better understand its significance in an inner-city
pediatric population, we studied vitamin D status in a
cohort of predominantly African-American preschool
children with asthma in urban Baltimore. We sought to
characterize the prevalence of 25-OH vitamin D insuffi-
ciency, investigate if 25-OH D levels are related to time
spent outdoors, and prospectively evaluate the effect of
vitamin D status on asthma morbidity.
Subjects and methods
Study design
The Baltimore Indoor Environmental Study of Asthma
in Kids was a longitudinal study designed to investigate
the role of indoor pollutants and allergens on asthma.
One hundred and fifty children with asthma ages 2 to
6 years of age were recruited. Serum 25-hydroxy vitamin
D levels were measured at baseline, and health outcome
information was collected from caregivers at baseline, 3
and 6 months. Procedures followed were in accordance
with the ethical standards of the Johns Hopkins Medical
Institutional Review Board, which approved the study,
and caregivers of participants provided informed consent
prior to enrollment.
Participants
Participating children were recruited from health sys-
tems providing care to most residents of East Baltimore
(MD). Enrollment began September 2001 and the lastpatient follow-up was completed in April 2004. Potential
subjects were first identified if they had a health care en-
counter assigned an ICD-9 (International Classification
of Disease, 9th Revision) code of 493. X in the previous
12 months. They were confirmed as having asthma if
they 1) had a physician diagnosis of asthma, and 2) had
symptoms and/or medication use for asthma in the pre-
vious six months. All subjects maintained residence
within one of nine contiguous ZIP codes within East
Baltimore, which, based on 2000 US Census data, repre-
sents a geographic region that is >99% urban. We ex-
cluded children with significant co-morbid conditions.
Laboratory evaluation
Blood drawn from children at the baseline evaluation
was sent to the Johns Hopkins General Clinical Research
Center labs for measurement of total 25-hydroxy vitamin D
by radioimmunoassay (RIA) kit (DiaSorin, Stillwater,
MN). The intra- and inter-assay coefficients of vari-
ation for vitamin D were 5.19 and 7.90, respectively.
The preferred indicator of vitamin D status and the
predominant circulating form is 25-OH D [20].
Serum 25-OH levels were stratified in the following
brackets: ≤ 20, 21–30, and >30 ng/mL, and defined
as deficient, insufficient, and sufficient, respectively,
according to previously established guidelines for bone
health [20,21] (in the absence of consensus regarding
appropriate levels for endocrine and extra-endocrine
health) and levels below 15 ng/ml considered to impart
higher risk for rickets [10]. Serum IgE levels, were also
measured (ImmunoCAP, Phadia, Uppsala, Sweden).
Clinical evaluation
At an initial visit, children underwent allergy skin
testing with a panel of 14 aero-allergens: American
and German cockroach, dust mite mix, cat dander,
dog hair/dander, mouse epithelia, rat epithelia, three
pollens (Eastern Oak mix, grass mix, ragweed mix)
and four molds (Helminthosporium, Alternaria, Penicillum,
and Aspergillus). Atopy was defined as at least one positive
skin test result, defined as a wheal size greater than a
glycerin control of ≥ 2 mm.
Evaluation of asthma morbidity was obtained at each
time point from a health questionnaire completed by
caregivers, which included close-ended questions derived
from standard asthma symptoms questions used in prior
studies of inner-city children with asthma [22]. We
asked caregivers about acute health care use in the prior
3 months (emergency department visits, unscheduled
doctor visits, and hospitalizations). We also collected
information regarding the number of days (0–14) each
child had the following symptoms in the previous
2 weeks: 1) wheezing, cough or tightness in the chest; 2)
the need to slow down or stop activities because of
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could only speak one or two words at a time between
breaths; 4) cough without a cold or flu; 5) symptoms
with exercise; and 6) nocturnal symptoms. Outdoor
exposure was quantified both from questions regard-
ing each child’s average number of daily outdoor
hours across each season and a prospective daily
time-activity diary completed by caregivers during
the study.
Statistical analysis
The 25-OH D levels in this population were summarized
with means and proportions. Differences in vitamin D
levels were compared across 4 seasons using the
Kruskal-Wallis test for non-normally distributed con-
tinuous variables. Symptom-free days in a 2-week period
were calculated at baseline, 3, and 6 months by
subtracting the number of days of reported asthma
symptoms from 14 days. Negative binomial regression
with generalizing estimating equations [23] accounting
for repeated measures was used to determine the rela-
tionship between baseline 25-OH D levels and the mean
number of days of asthma symptoms across three time
points. We constructed multivariate models accounting
for age, gender, and socioeconomic factors. P values of
less than 0.05 were considered statistically significant.
All analyses were performed using StataSE software
(Stata 11.0, College Station, Tx).
Results
We had sufficient serum to analyze 25-OH D for 121
of the 150 subjects. This subset did not differTable 1 Baseline characteristics of study participants by serum
Characteristic All children
(n = 121) Deficient (<= 2
n = 28 (23%)
Age (y) mean (range) 4.4 (2–6) 4.5 (2–6)
Male sex [n (%)] 73 (60) 17 (61)
Black race [n (%)] 109 (90) 28 (100)
BMI (kg/m2) 17.8 (4.1) 17.9 (4.7)
Public health insurance [n (%)] (n = 118) 106 (90) 21 (78)
Household income less than $15,000/yr
[n (%)] (n = 62)
34 (55) 9 (64)
Caregiver a high school graduate [n (%)] 76 (63) 19 (68)
Atopic [n (%)] (n = 120) 83 (69) 21 (78)
Number of positive skin tests (mean ± SD)
(n = 120)
2.71 ± 2.91 2.89 ± 2.39
Acute care in the past 3 months [n (%)]
Emergency department visit 28 (23) 6 (21)
Hospitalization 4 (3) 0 (−)
Unscheduled doctor visit 22 (18) 6 (21)demographically from the parent cohort. The children
were predominantly African-American (91%) and from
households of low economic status. The majority of chil-
dren (69%) was atopic and had active asthma symptoms,
with 62% meeting criteria for persistent asthma
(Table 1).
Levels of vitamin D measured in this population
The median (IQR) serum 25-OH D level was 28 ng/mL
(21–37). Fifty-four percent of subjects were found to be
insufficient or deficient, with levels below the accepted
sufficient cut-off of 30 ng/mL, and 23% in the deficient
range with serum levels of 20 ng/mL or below (Figure 1).
About 7.4% of all subjects had 25-OH D levels in the
range associated with the risk of rickets (< 15 ng/mL).
Vitamin D levels for the small number of whites tended to
be higher despite equivalent socio-economic status (white
vs. African-American: median 38 vs. 28 ng/mL, p = 0.07).
Effect of hours spent outdoors on 25-OH vitamin D levels
On average, children in our cohort spent 3 out of
24 hours outdoors daily (IQR 2–4 hours). Time spent
outdoors did not differ by gender (girls vs. boys: mean
3.1 vs. 3.2 hours). There was no association between the
reported average daily hours spent outdoors and baseline
25-OH D levels (p = 0.49) (Figure 2). It is worth noting,
though, that none of the 121 children who spent more
than 5 hours per day outside was 25-OH D deficient.
Effect of season on 25-OH vitamin D levels
Samples of blood were distributed evenly with regard to
the season in which they were drawn (winter, 25; spring,25-OH vitamin D concentration
Vitamin D level P value
0) Insufficient (21–29 ng/mL)
n = 37 (32%)
Sufficient (> = 30 ng/mL)
n = 56 (45%)
4.9 (2–6) 4.1 (2–6) 0.06
23 (62) 33 (59) 0.84
33 (89) 48 (86) 0.05
18.7 (5.7) 17.2 (2.1) 0.85
34 (94) 51 (93) 0.07
10 (59) 15 (48) 0.49
22 (59) 35 (63) 0.62
22 (59) 40 (71) 0.79
2.38 ± 2.77 2.84 ± 3.25 0.66
9 (24) 13 (23) 0.89
1 (3) 3 (5) 0.19
6 (16) 10 (19) 0.75
Figure 1 Distribution of serum 25-OH vitamin D levels. Histogram of 25-OH vitamin D levels. The median 25-OH D level in this cohort was
28 ng/mL (IQR 21–37). The majority (54%) of children had levels below current guidelines of sufficiency (30 ng/mL) (dotted line), with almost a
quarter (23%) in the deficient (≤ 20 ng/mL) range (dashed line).
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difference in serum 25-OH D levels among the seasons
(p = 0.66) (Figure 3). When stratified by season of assess-
ment, there was no association between serum 25-OH D
levels and the outdoor time spent by each child in that same
season (data not shown).Figure 2 Relationship between daily time spent outdoors and
serum 25-OH vitamin D levels. A scatterplot of the average hours
per day spent outside vs. serum 25-OH vitamin D shows no
correlation between the two. The median time spent outdoors was
3 hours/day (IQR 2–4).Effect of vitamin D levels on asthma indicators
There was a modest, statistically significant inverse cor-
relation between 25-OH D levels and total IgE concen-
trations (Spearman’s rho = −0.24; p = 0.03). There was no
association between 25-OH D levels and atopic status as
defined by positive skin testing (p = 0.87), nor was there
a significant correlation between 25-OH D level and theFigure 3 Seasonal variation in 25-OH vitamin D. Box-plots of 25-
OH vitamin D by season. Levels of serum 25-OH D did not vary with
respect to the season in which they were drawn (p = 0.66).
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p = 0.98). Additionally, there was no association between
25-OH D levels and acute health care visits (Table 1). In
multivariate regression models, controlling for age, sex,
and education level, asthma symptoms (cough without a
cold or flu, cough/wheeze/chest tightness, and occurring
with exercise) tended to be reduced with higher 25-OH
D levels, though the associations were not significant.
Discussion
This study demonstrated that 25-OH vitamin D insuffi-
ciency is present in the majority of a cohort of urban,
preschool-aged inner-city children with asthma. These
findings extend those seen in heterogeneous populations
of older children [12,13] to a population of predomin-
antly African-American children 2–6 years of age. Even
at this early preschool age, 25-OH D levels were already
strikingly below the recommended range, as defined by
current guidelines for bone health. Over half (55%) were
either insufficient or deficient, and a disturbing propor-
tion of children (7%) in our cohort were at the extreme
end of deficiency, with levels as low as those seen with
rickets (< 15 ng/mL). The implications of these findings
may be even greater in younger cohorts, as it is during
early childhood when considerable lung growth is still
occurring, and when the respiratory system may be par-
ticularly sensitive to nutritional and environmental sig-
nals that induce changes in lung function [24].
Our findings are comparable to the NHANES 2001–
2004 study of US children (age 1–21 years), where nine
percent of all children had levels less than 15 ng/mL,
and sixty-one percent had levels in the range between 15
and 29 ng/mL [5]. In fact, within our defined geograph-
ical area of inner city Baltimore, 25-OH D levels are
much lower among African-Americans than whites,
identifying black preschool children as preferentially at
risk for 25-OH D deficiency. Recent recommendations
from the Institute of Medicine have challenged the trad-
itional cut-offs for 25-OH D, suggesting that levels above
20 ng/mL instead of 30 ng/mL should be considered suf-
ficient [25]. If we consider that suggested threshold, al-
most a quarter of subjects in our cohort would still be
considered deficient. It is still uncertain what levels con-
stitute sufficiency in asthma and other conditions apart
from bone health; nevertheless, regardless of which
guidelines are used to determine the optimal 25-OH
vitamin D level, our study demonstrates that Baltimore,
with one of the highest rates of asthma, is representative
of a greater national epidemic of 25-OH D insufficiency
in black children.
The findings from this study suggest that, although
UV light is necessary for dermal vitamin D production,
black urban children with asthma appear to be unre-
sponsive to what little daily sunlight they do receive, ashigher daily levels of outdoor exposure were not linked
to higher 25-OH D. A limited number of other studies
have also examined the relationship between sun expos-
ure and 25-OH D, but little attention has been paid to
this relationship in children, particularly African-
Americans with asthma. Our study is unique in that it
investigates this relationship between outdoor exposure
and vitamin D status in a predominantly black popula-
tion of preschool children, a group that includes chil-
dren with the nation’s highest levels of asthma. In prior
studies of healthy people, controlled UVB exposure
increased serum 25-OH D in a dose-related manner
[26,27]; however, African-Americans and Caucasians
have a notable difference in this dose response. Scragg
and Camargo demonstrated that in a racially-mixed
population, non-Hispanic blacks had only modest in-
creases in 25-OH D with increasing outdoor activity
when compared to the dramatic changes observed in
whites, with changes in serum 25-OH D observed only
in response to extreme frequencies of outdoor activity (>
31 times in the past month) [28]. Taken with our find-
ings, we conclude that cutaneous synthesis alone during
limited outdoor exposure is not sufficient to raise serum
levels effectively in black urban children. Exposure to
sunlight beyond this range may cross a threshold where
25-OH D production begins to increase, as previous
studies have shown that in healthy adults, higher doses
of artificial UV are needed in darker-skinned individuals
to measurably raise 25-OH D levels, compared those
with lighter-skin [26]. However, a true prescription for
natural UV exposure to achieve sufficient serum levels
in black asthmatic children is yet to be determined.
Similarly, the predominantly African-American chil-
dren in our study did not show any variation in 25-OH
D levels with respect to season, in contrast to prior stud-
ies of predominantly-Caucasian populations whose levels
are lowest in winter and highest in summer [29]. The
observed differences in African-Africans may reflect a
blunted response to the varying sunlight availability
across seasons due to the diminished capacity of darker
skin to synthesize vitamin D. We hypothesize that the
lack of improvement in vitamin D status with increasing
sun exposure—whether over a period of a day or across
seasons—is a feature of increased skin pigmentation
compounded by sub-optimal sun exposure. Spending a
modest amount of additional time outside in regions
with similar UV light availability is not likely an effective
strategy to improve vitamin D status. On the other hand,
promoting extreme doses of exposure, which may even-
tually lead to an improvement in levels, may not be
practical or desired due to other risks of UV exposure.
Alternative strategies to ensure adequacy through an
enriched diet or dietary supplementation [8,30] may be
necessary to compensate for such deficiencies.
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observational studies that show an association between
personal 25-OH D and allergy and asthma morbidity
[12-15,31]. Within our population, those children with
lower 25-OH D levels had higher IgE levels. This inverse
association has been shown previously [12], adding sup-
port to an allergy-mediated mechanism behind vitamin
D’s effects. Furthermore, higher 25-OH D levels tended
to be protective against asthma symptoms, including
wheezing/coughing/chest tightness, symptoms while ex-
ercising, and cough without a cold or flu, although asso-
ciations were not statistically significant. More studies,
including those that are designed to address causal links,
are needed to solidify a link between asthma outcomes
and low 25-OH D levels. The 2011 Institute of Medicine
review of the literature regarding dietary requirements
of calcium and vitamin D concluded that there was in-
sufficient evidence to inform recommendations on in-
take for extra-skeletal outcomes, and that further trials
were needed to assess the benefit of supplementation on
extra-skeletal health [25]. If found to be significant, im-
proving individual vitamin D status could help protect
against common urban asthma triggers in vulnerable
children and result in a sustainable decrease in asthma
morbidity.
One limitation of our study is that it was conducted at
a single site in an urban area at a specific solar zenith
angle, which typically receives less UV radiation than
more equatorial regions of the world. However, it ap-
pears that astronomical factors may be less influential
in determining vitamin D status, given that studies
conducted in latitudes with higher UV radiation (e.g.,
Costa Rica, Georgia, Arizona) [12,32,33] show surpris-
ingly similar rates of deficiency. Rather, lifestyle and be-
havioral factors may be more significant in an
increasingly urbanized world. While our study did not
record sunscreen use or protective clothing, or allow for
direct measures of UV exposure which could vary with
time of day and weather conditions, more generalizable
features such as time spent outdoors and skin pigmenta-
tion may instead be the key determinants of vitamin D
status and, in turn, asthma control. Additionally, rates of
vitamin D supplementation and dietary intake of D-rich
foods were not specifically assessed here. Finally, as with
most other studies investigating vitamin D’s role in
asthma, our design was cross-sectional, thus limiting our
ability to establish a causal link between vitamin D and
asthma morbidity. Future clinical trials are necessary to
determine if vitamin D truly has the effects upon asthma
health suggested by this observational literature.
Conclusions
Our study showed that vitamin D insufficiency is com-
mon in highly affected African-American preschool-agedchildren with asthma, and that increases within the
range of time typically spent outdoors by urban children
would not be an effective strategy for repletion. Our re-
sults also add to the accumulating evidence of a link be-
tween lower 25-OH vitamin D levels and the allergic/
asthmatic phenotype. Together, these findings offer that
a combination of limitations in sunlight exposure and
darker pigmentation may amplify the risk of vitamin D
deficiency among black urban children, contributing to
greater asthma morbidity than their white counterparts.
Clinical trials are needed to determine whether augmen-
tation of serum levels can attenuate asthma morbidity,
and our results suggest that such trials may need to rely
on dietary supplementation.
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